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technical education which, in every branch of professional and 
commercial life, was being recognised as indispensable. 

In the New Education, the most important subject of 
instruction was science. It was the development of science, 
and its application to the varied work of life, that had changed 
to a great extent, and would change still more in the near 
future, the entire character of our school teaching. In an ad¬ 
dress given in 1876, Sir Philip remarked upon the inadequate 
attention given to the teaching of science in our endowed schools. 
Out of one hundred and twenty-eight schools which furnished 
replies to the Commissioners at that time, there were only sixty- 
three schools in which any kind of science was taught, and of 
these only thirty devoted any regular time to scientific study. 
Since then a great change had taken place ; but the change was 
more marked in the elementary than in the secondary schools. 
And the right of science to be included in the school curriculum 
had only recently been generally recognised. 

The advance was very satisfactory; but the important ques¬ 
tion was whether, with the increase in the number of schools in 
which science was taught, there had been any corresponding 
improvement in the method of science teaching? 

The progress in this direction had not been as marked as 
one might have wished. The correct methods of science teach¬ 
ing were only very gradually being understood. It was largely 
owing to the usefulness of the information which the study of 
science involved, that the value of the study as a means of edu¬ 
cation had been lost sight of. It should be remembered that 
** acquirement of every kind has two values—value as knowledge 
and value as discipline ”; and, in early education, the latter 
was by far the more important. With the first feeling of in¬ 
toxication which the breathing of the atmosphere of science 
excited, there was a strong reaction against the teaching of sub¬ 
jects apparently useless, as mere instruments for mental gym¬ 
nastics. There was a loud cry for useful information ; and the 
scientific lecture, with its platform experiments, served both to 
awaken the interest of the pupil and to afford such informa¬ 
tion. But, gradually, better views prevailed, and it was recog¬ 
nised, although very slowly, that information was not the first 
object of science teaching, and that, valuable as was the in¬ 
formation which science conveyed, such inlormation was of 
little use unless the process of informing served to train and 
discipline and educate the faculties. Accuracy in thought and 
expression, the power of arranging and co-ordinating lacis, and 
of acquiiing, retaining, and reproducing in logical order, new 
ideas, and the habit of deliberation in arriving at conclusions, 
were educational ends of far more real value than any amount of 
mere knowledge which the student of science might gain. The 
recognition of this educational truth had rudely shaken methods 
of teaching, and even of examining in scientific subjects. 

Herbert Spencer, in his well-known essays on Education, 
had said :— 44 It would be utterly contrary to the beautiful 
economy of naiure if one kind of culture were needed for the 
gaining of information, and another kind were needed for mental 
gymnastics. Everywhere throughout creation we find facul¬ 
ties developed through the performance of those functions which 
it is their office to perform ; not through the performance of 
artificial exercises devised to fit them for those functions. . . . 
The education of most value for guidance must at the same time 
be the educat ion of most value for discipline.” The method of 
teaching science must therefore be carefully considered, so that 
the training of the faculties might be steadily kept in view as 
the aim and object of the instruction, rather than the mere 
acquisition of knowledge. This change of method involved the 
substitution, from the very commencement, of practical work 
on the part of the pupil for the ordinary lecture or lesson. 

At the outset, the practical exercises should be of the very 
simplest kind. The pupil must take nothing for granted. It 
was clear, therefore, that he must commence with simple exer¬ 
cises in measui ement. In physics they were always dealing with 
quantities, an<t could not understand what is meant by a quan¬ 
tity except by mea*uring it. The first measurements to be maile 
were those of length. In making such measurement, certain 
standards had to be considered, and different systems (the Eng¬ 
lish and the metric systems) should be compared. These com¬ 
parisons involved easy exercises in arithmetic, which might be 
practised in connection with such concrete examples. Various 
objects should be actually measured, and the length calculated 
by multiplication or division of other measurements. But the 
pupil should be made thoroughly familiar with his standard of 
measurement before passing away from this exercise. This 
should'be followed by measurement of areas, the consideration 
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of which was fruitful in useful exercises. In country schools the 
actual measurement of the areas of fields, by simple methods of 
surveying, might be usefully attempted ; in town schools there 
was generally a playground which would afford opportunities 
for similar exercises. Then the methods and results of all such 
measurements should be carefully and neatly transferred to 
paper, and the pupil should be thus incidentally exercised in 
elementary drawing. The measurement of volume would 
follow, with more varied and more difficult problems. 

Immediately connected with the measurement of volume was 
that of mass. There, of course, a difficulty arose, owing to the 
close connection between mass and weighty and the difficulty of 
distinguishing between them. But the explanation of this diffi¬ 
culty might be postponed, and the pupil could be allowed to use 
ordinary weights as measures of mass. At this stage he was in¬ 
troduced to a balance, and, with a view of inducing habits of 
accuracy, he should at once use a fairly good balance. The ex¬ 
ercises were very numerous which the pupil could practise with 
a good pair of scales. From this point the order of any elemen¬ 
tary series of lessons could be varied at the discretion of the 
teacher. The balance suggested experiments, to be done by the 
pupil, on the use of the lever, whence the principle of the lever 
could be obtained. From the common balance to the Roman 
balance, and to other modes of weighing, the steps were very 
gradual. The relative volumes of bodies of the same material 
could then be ascertained by the balance, and former exercises in 
measurement be verified and repeated. The pupil should not 
only do the actual work himself, but should write out clearly a 
description of what he had done, thus learning to connect 
action, thought, and words. From these exercises the pupil 
might pass to the consideration of the difference in homogeneous 
bodies of the same volume and of different weight, and so on, 
by very easy stages, to methods of ascertaining relative weights 
of different >ubstances. Exercises in finding specific gravities 
of solids, powders, and liquids, gave opportunity for very valu¬ 
able instruction, and prepared the way for the use of instruments 
of precision, and for knowldege of interesting properties of dif¬ 
ferent kinds of bodies. The value of these lessons consisted in 
the accuracy of measurement, and in the clearness and correct 
ness of the written record, as regards the statement of facts, the 
sequence of reasoning, the numerical calculations, and the use 
of words and phrases. 

It was, of course, essential that these written exercises should 
be carefully corrected, as are exercises in Latin or Greek com¬ 
position. The aim of the instructor, in compiling such an in¬ 
troductory course as that suggested, should be to include those 
subjects, an acquaintance with which was required to enter upon 
the systematic study of any one branch of science, and which 
were practically common to all branches. The character of an 
introductory course might be influenced by the consideration of 
the special science which, in any particular school or district, 
would be likely to be studied, or indeed by the special taste of 
the instructor. A knowledge of the use of simple measuring 
instruments, including the thermometer, the barometer, the 
hygrometer, having been acquired, the pupil might pass by 
caiefully suggested experiments to the determination of simple 
physical laws, and to the discovery of the composition of common 
substances, such as air, water, salt, lime, &c. ; and it was 
needless to say that such exercises would open up wide views 
of the elementary facts and laws of different branches of science, 
and would prepare the way for the specialised teaching which 
more properly belongs to technical education. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Oxford. —Prof. August Weismann will deliver the Romanes 
Lecture in the Sheldonian Theatre, on Wednesday, May 2. 

Prof. H. H. Turner has selected *‘The International Photo¬ 
graphic Chart of the Heavens ” for the subject of his inaugural 
lecture as Savilian professor of astronomy, to be delivered 
to-morrow. 

Cambridge.— The Vice-Chancellor has appointed Mr. J. W. 
Clark, Registrary and formerly Superintendent of the Museum 
of Zoology, to the office of Reader on Sir Robert Rede’s 
toundaiion tor the present year, in succession to Prof. Foster. 

The Special Board for Medicine report that in consequence 
of the great increase in the number of candidates for the M. B. 
degree (in 1893 there were 224 to be examined), it is necessary 
to increase the staff of Examiners to four in Medicine and four 
in Surgery. 
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The Somerset County Education Committee announce that 
three Senior County Scholarships will be offered for competi¬ 
tion in June 1894. They will be tenable for two years in the 
scientific or technical department of a university college, the 
Royal College of Science, South Kensington, or some other 
college or institution approved by the County Education Com¬ 
mittee. The annual value of each scholarship will be from 
£$o to £60, according to the place of instruction chosen, and, 
subject to the maximum limit, will be fixed at a sum sufficient 
to cover the cost of instruction, together with ,£30 per annum 
toward’s the scholar’s maintenance. The competition will be 
open to any boy whose parents or guardians are bond fide resu 
dents in the administrative county of Somerset, and who has 
regularly attended any secondary school (public or private) 
within the county for two school years preceding August I, 
1894, provided that every candidate is over 15 and under 17 
years of age on July I, 1894, and that his parents are in receipt 
of an income of not more than ^400 a year from all sources. 
Six intermediate County Scholarships will also be offered for 
competition in June 1894. They are of the annual value of 
£30, and will be tenable lor two 5 ears at some public secondary 
school approved for the purpose by the County Committee. 


SCIENTIFIC SERIALS . 

American Journal of Science, February.—On the chemical 
composition of staurolite, and the regular arrangement of its car¬ 
bonaceous inclusions, by S. L. Penfield and J. H. Pratt. A careful 
analysis of several specimens gave the formula H AL 6 FeSt 2 0 13 , 
which may be written as a basic orthosilicate. The aluminium 
is partly replaced by ferric iron, and the ferrous iron by magne¬ 
sium and manganese. Basal sections of the rhombic prism show 
the carbonaceous inclusions to be disposed in the form of a 
rhombus parallel to the outline, with the corners joined together. 
This figure develops into a simple cross towards the centre, 
whereas towards the ends the rhombus widt-ns out until it coin¬ 
cides with the outline. This proves that the inclusions are 
arranged in 'he surface of a double pyramid with its apex in the 
centre, and also in planes joining the edges of this pyramid with 
those ol the prism.—Additional species of pleistocene fossils 
from Winthrop, Mass., by R. E. Dodge. Three more spec-es 
of preglacial ?hells have been found in the drumlin in Boston 
Harbour, known as Winthrop Great Head. They aie Lunatia 
Grcenlandica , Stimpson, Scapharca transversa, Adams, and 
Buccinum undatum , Linne. These fossil<. give additional 
evidence of the higher temperature of Massachusetts Bay in 
pre-glacial as compared with the present time. — On the 
basalts of Kula, by H. S. Washington. These basalts occur 
near Kula, about 125 km. east by north of Smyrna, where they 
from cones and streams of a fresh a» d unaltered appearance. 
The lavas are to be classed as hornblende- lagioclase basalts, 
distinguished by the constant presence and great relative 
■quantity of the hornblende, its peculiar magmatic alteration, the 
small quantity of both plagioclase and olivine, and the large 
amount of glass basis. The name Kulaite is proposed for them. 
—The fishi g hanks between Cape Cod and Newfoundland, by 
Warren Upham. If a portion of the continental border from 
Cape Cod to the Grand Bank south east of Newfoundland 
could be uplifted, we shouLi behold nearly as much diversity of 
valleys, ridges, hills, plateaus, and all the forms of subaerial 
land erosion, as is exhibited by any portions of the adjacent 
New England states and eastern provinces of Canada. The 
submerged channels of outlet from the Gulfs of Maine and St. 
Lawrence, and the less profound valleys that divide the fishing 
banks from each other, prove that this region during a compara¬ 
tively late ge* logic time was a land area, its maximum elevation 
being at least 2000 ieet higher than now. 

Bulletin of the New York Mathematical Society , vol. iii. 
No. 4, January.—“Modern Mathematical Thoughthe 
presidential address, delivered by Prof. Newcomb, before 
the New York Mathematical Society (pp. 95-107), has been 
printed in our columns (see Nature, vol. xlix. pp. 325- 
329). “ Recent Researches in Electricity and Magnetism ” (pp. 

107-111) is a review, by G. O. Squ er, of Prof. J. J. 
Thomson’s “ Notes. ” The reviewer leels assured thai this 
“supplementary” volume will take its proper place beside 
Maxwell’s great treadse in the libiary of every true student 
of electrical science. “Notes” and “new publications” 
occupy pp. 112-118. 
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SOCIETIES AND ACADEMIES. 

London. 

Physical Society, Fe* ruary 9.—Annual general meeting. 
Prof. A. W. Riicker, F.R.S., President, in the chair.—The 
annual report of the Council was read by the President. 
Dr. Atkinson read the Treasurer’s Report, and also an obituary 
notice of the late Prof. Tyndall. The adoption of the Reports 
was moved by the President, and carried nem. con. Dr. 
Chichester Bell and Mr. Griffiths were appointed scrutators, 
and subsequently declared the following gentlemen duly elected 
to form the new Council: —President, Prof. A. W. Riicker, 
F.R.S. Vice-Presidents: Walter Bady, Major-General E. R. 
Festing, F.R.S., Prof. J. Perry, F.R.S., Prof. S. P. Thomp¬ 
son, F.R.S. Secretaries: H. M. Elder, 50 City Road, E.C., 
and T. II. Blakesley, 3 Eliot Hill, Lewisham, S. E. Treasurer: 
Dr. E. Atkinson, Portesbery Hill, Camberiey, Surrey. De¬ 
monstrator: C. Vernon Boys, F. K.S., Physical Laboratory, 
South Kensington. Other members of Council : Shelford 
Bidwell, F.R.S., W. E. Sumpner, Prof. G. Fuller, J. Swin¬ 
burne, G. Johnstone Stoney, F.R.S., R. E. Baynes Prof. G. 
M. Minchm, L. Fletcher, F.R.S., Prof. O. Henrici, F. R.S«, 
Prof. S. Young, F.R.S. Prof. Reinold proposed a hearty 
vote of thanks to the Lords of Committee of Council on Educa¬ 
tion, for the use of the rooms and apparatus in the Royal 
College of Science. This was seconded by Prof. J. V. Jones, 
and carried unanimously. Votes of thanks were similaily 
accorded to the auditors, Mr. A. P. Trotter and Mr. R. 
Inwards, on the motion of Mr. Watson, seconded by Prof. 
Fuller ; and to the officers of the Society, on the motion of Dr. 
Barton, seconded by Mr. Trotter. At an ordinary science 
meeting then held, Mr. Owen Glynn Jones read a paper on the 
viscosity of liquids, and exhibited the apparatus used in his ex¬ 
periments. The method employed consists in measuring ihe 
speed at which a small sphere travels through the liquid under 
the action of gravity. As Prof. Stokes had shown, the 
velocity of a sphere falling in an infinite liquid becomes con¬ 
stant, this velocity being given by the equation 

tt 2 _ o <r — p 

V = --gar 

9 V- 

where a is the radius of the sphere, a its density, p the density 
of the liquid, and p, its viscosity. if sliding friction exists 
between the sphere and liquid, the equation becomes 

V = * ga i 17 - P Sa Ai ; 

9 fx &a -f- 2y, 9 

where /3 is the coefficient of friction. In making the experi¬ 
ments, small spheres (usually of mercury) were allowed to fall 
through a burette containing the liquid, and the time taken to 
travel the distance between two marks about 50 c.ms. apart 
noted. The radii of the spheres being small, it was considered 
better to deduce this from the mass. Direct determination of 
such small masses being difficult, a larger mass (M) was taken, 
weighed, and divided imo, say, ten or twelve parts, and the 
speed of falling of each part observed in a liquid of constant 
viscosity. The velocity V, with which a sphere containing 
the whole mass would have fallen, was deduced from the 
equation 

V* = Xv*. 

Similarly, the mass of any part which falls with a velocity v is 
given by 


(?) 


. M. 


In this way the author had been able to determine the 
mass of a sphere weighing only about 0*003 grammes 
to four significant figures. Referring to experiments made 
with a view to ascertaining whether sliding Iriciion existed, 
the author said the divergence from the simpler formula 
did not exceed experimental errors. In determining viscosity, 
changes of temperature were found to be of great importance, 
especially in the case of glycerine, whose viscosity varies as 
much as 10 per cent, for 1° C. Small differences of temperature 
between different parts of the liquid are, however, not very 
serious, provided the mean temperature be known, for lhe mean 
speed observed is shown to be that corresponding to ihe mean 
temperature. To determine viscosity accurately at a given tem¬ 
perature, very delicate thermometers must be employed. Most 
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